A new method to obtain enantiopure 5-substituted 1,3-oxazolidin-2-ones 1 from α-dibenzylamino esters 2 is reported. This methodology is based on the Lewis acid catalyzed stereoselective addition of trimethylsilyl cyanide to chiral α-dibenzylamino aldehydes 3. Magnesium chloride and zinc iodide were tested to catalyze the addition, obtaining higher stereoselectivity with zinc iodide than with magnesium chloride.
Introduction
In 1981, 4-substituted 1,3-oxazolidin-2-ones were introduced into organic synthesis as chiral auxiliaries by Evans. 1 Since then they have been used in many reactions. These compounds are mainly prepared from the cyclization of chiral amino alcohols derived from nonracemic amino acids. Usually, N-acyloxazolidinones participate in stereoselective processes as alkylations, α-substitution reactions, aldol reactions, conjugate additions and pericyclic reactions. The majority of these reactions are performed in the presence of a metal ion. 2 Meanwhile, a group of 5-substituted 1,3-oxazolidin-2-ones, typified by linezolid (4) and eperozolid (5), represent a new class of synthetic antibacterial agents with potent activity against clinically important susceptible and resistant Gram-positive and anaerobic pathogens. 3 This class of compounds has a novel mechanism of action that shows selective and unique binding to 50S ribosomal subunit, inhibiting bacterial translation at the initiation phase of protein synthesis. 4 Due to its protein synthesis inhibitory activity these compounds are used against methicilline or vancomicin-resistant staphylococci, streptococci and enterococci bacteria that causes skin and soft tissue infections and pneumonia. 5 Moreover, there are many reports for the synthesis of new compounds structurally related to linezolid that avoid bacterial resistance against these new antibiotics. with lithium borohydride at reflux temperature in THF, to obtain amino alcohols 11a-e in 44% to 99% yield (Scheme 1). α-Dibenzylamino aldehydes 3a-e were obtained in very good yields (83% to 98%) by oxidation of compounds 11a-e, respectively, in Swern oxidation conditions. The stereoselective anti addition of trimethylsilyl cyanide to the α-dibenzylamino aldehydes 3 was achieved using zinc iodide (ZnI 2 ) or magnesium chloride (MgCl 2 ) in dichloromethane at 0 o C to
give the corresponding trimethylsilylcyanohydrins 12a-e in 72% to 99% yield. When MgCl 2 was used, two molar equivalents of TMSCN were required to complete the reaction. Silylated cyanohydrins 12a-e were reduced with lithium aluminum hydride in diethyl ether at 0 o C to obtain the corresponding α-dibenzylamino alcohols 13a-e in 77% to 94% yield.
Triphosgene (BTC) was used for the cyclization of amino alcohols 13a-e in dichloromethane at room temperature with yields of 35% to 73%. 1,3-Oxazolidin-2-ones 1a-e were obtained in moderate overall yields (15% to 64%, Table 1 ). Two reaction steps were critical in this synthesis; for the reduction of amino esters 2a-e different reaction times and yields were observed for each amino ester. Those with bulkier R substituent required longer reaction times and were obtained in lower yield in the order secbutyl< isopropyl< isobutyl. A similar effect was observed in the cyclization of amino alcohols 13a-e with BTC to form 1,3-oxazolidin-2-ones 1a-e. The stereoselectivity in the synthesis of silylated cyanohydrins 12a-e was established by proton NMR chemical shifts and coupling constants. For the trimethylsilylcyanohydrin 12a synthesized using ZnI 2 as catalyst, a doublet signal at 4.46 ppm with J = 6.0 Hz was assigned to the hydrogen on the new chiral center. When the trimethylsilyl group was removed under mild acid conditions to afford the corresponding cyanohydrins compound, 11d the proton NMR signal for the same hydrogen was observed at 4.00 ppm with a J = 5.4 Hz. Comparing these values with those reported in literature, this compound was found to be the anti stereoisomer. 12a When trimethylsilylcyanohydrin 12a was prepared using MgCl 2 as catalyst, in the proton NMR spectra was observed, in a minor proportion, a doublet signal at 4.34 ppm with J = 4.0 Hz, which was assigned to the hydrogen on the new chiral center for the syn stereoisomer. The addition was completely stereoselective with ZnI 2, but with MgCl 2 a mixture of stereoisomers was obtained ( Table 2 , entries 1 and 2). For compounds 12b-e only the anti stereoisomer was obtained when the addition was catalyzed with ZnI 2 . The stereoselectivity observed in the addition of trimethylsilyl cyanide to α-dibenzylamino aldehydes 3 was explained in terms of a non-chelating control mechanism proposed by Reetz, 11a, 11d where the metal ion coordinates with the carbonyl group, but not with the the α-dibenzylamino. Also, the addtion resulted to be in line with the Felkin-Ahn model (Figure 1 ), where the nucleophile approaches in an orthogonal position to the less hindered face of the carbonyl group and opposite to the dibenzylamino group resulting in an anti addition selectivity. Finally, the configuration of 1,3-oxazolidin-2-ones 1a-e was confirmed by the correlations of 1 H NMR coupling constants, COSY and NOESY experiments. In COSY experiments, the H-5 hydrogen (4.83 ppm, J = 8.6 Hz for 1c) showed coupling with C4 α -H (3.62 ppm, J = 8.6 Hz for 1c), C4 β -H (3.23 ppm, J = 8.6 Hz for 1c) and with C1'-H (2.58 ppm, J = 8.6, 3.2 Hz for 1c). However, in NOESY experiments C5-H hydrogen showed only one correlation with C4 α -H, which demonstrates the stereochemical anti relation between C5-H with C1'-H and with H C4 β -H. Similar correlations were observed for the rest of the 1,3-oxazolidin-2-ones 1. Therefore, since the original asymmetric center in α-dibenzylamino ester 2 had an S absolute configuration and had not been involved in any epimerization-promoting processes, the absolute configuration of compounds 1a-e was established as 1´S, 5R.
Conclusions
In this work a new methodology has been developed for the synthesis of enantiopure 5-substituted 1,3-oxazolidin-2-ones with potential biological activity from non-racemic α-dibenzylamino esters in moderate yields and high stereoselectivity. Magnesium chloride and zinc iodide were tested as catalysts in the addition of trimethylsilyl cyanide to α-dibenzylamino aldehydes showing higher stereo selectivity with zinc iodide in comparison with magnesium chloride or other catalysts reported previously.
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Experimental Section
General Procedures. All reagents were purchased in the higher quality available and were used without further purification. The solvents used in column chromatography were obtained from commercial suppliers and used without further distillation. Infrared spectra (FTIR) were recorded on a Perkin Elmer FT-IR 1600 spectrophotometer. 
General procedure for the synthesis of α-dibenzylamino alcohols 11
To a solution of the α-dibenzylamino ester 2 in dry THF was added LiBH 4 (2.0 equiv.) at 25ºC under argon atmosphere. Then, the reaction mixture was refluxed for 8 h. A saturated NH 4 Cl solution was added and the mixture stirred for 30 min and then filtered. The liquid phase was extracted with CH 2 Cl 2 (3 × 20 mL). The organic layer was separated and dried over Na 2 SO 4 , filtered, and the solvent was evaporated under reduced pressure to give a crude product that was purified by flash chromatography when was necessary. General procedure for the synthesis of α-dibenzylamino aldehydes 3 To a solution of oxalyl chloride (1.1 equiv.) in dry CH 2 Cl 2 was added dropwise a solution of DMSO (2.2 equiv.) in dry CH 2 Cl 2 at -78 ºC under argon atmosphere and the mixture was stirred for 10 min. Then, a solution of the dibenzylamino alcohol 11 in dry CH 2 Cl 2 was added dropwise and the reaction mixture was stirred for 30 min at the same temperature. After this time, a solution of triethylamine (5 equiv.) in CH 2 Cl 2 was added dropwise and the mixture was stirred for 1 h and allowed to reach room temperature. The organic layer was washed with brine, separated, dried over Na 2 SO 4 , and filtered. The solvent was evaporated under reduced pressure to give a crude product that was used in the next reaction without further purification.
(S)-2-Dibenzylamino-3-phenylpropan-1-ol (11a
(S)-2-Dibenzylamino-3-phenylpropanal (3a 
General procedure for the synthesis of trimethylsilylcyanohydrins 12
To a solution of aldehyde 3 (1 .0 equiv.) in dry CH 2 Cl 2 was added ZnI 2 (1.0 equiv.) at 0 ºC under argon atmosphere and the mixture was stirred for 10 min. Then, trimethylsilyl cyanide (1.0 equiv.) was added dropwise and the reaction mixture was stirred for 2 h at the same temperature. After this time, water was added and the mixture was stirred for 5 min and allowed to reach room temperature. The organic layer was washed with brine, separated, dried over Na 2 SO 4 , and filtered. The solvent was evaporated under reduced pressure to give a pure crude product that was used in the next reaction without further purification. General procedure for the synthesis of α-dibenzylamino amino alcohols 13 To a solution of trimethylsilylcyanohydrins 12 (1.0 equiv.) in dry THF was added drop wise a solution of LiAlH 4 (2.0 equiv.) in dry diethyl ether at 0 ºC under argon atmosphere and stirred for 5 h at same temperature . Then, a 5% KOH solution was added drop wise until a white solid was form and the reaction mixture was filtered. The organic layer was dried over Na 2 SO 4 , filtered and the solvent was evaporated under reduced pressure to give a crude product that was used in the next reaction without further purification. 
(2S,3S)-3-Dibenzylamino-4-phenyl-2-(trimethylsilyloxy)butanenitrile (12a
